INTRODUCTION
. The rhythmic environment during incubation may affect the stability of circadian systems in birds (Zeman et al., 1999) and help young chicks cope with early environmental stressors in the first days of their lives Özkan et al., 2012) . However, reports on posthatching (PH) growth and physiology are not consistent among studies. Shafey (2004) found that continuous white light during incubation increased triiodothyronine levels in broiler chicks at hatching and increased feed consumption without affecting growth performance. In a more recent study, Archer et al. (2009) found no significant effect of lighted incubation on broiler performance but did note improvements in the developmental stability of birds from lighted incubation (12L:12D) compared with dark incubation conditions, suggesting an improvement in the stress resistance of broilers from lighted incubation. Our first study indicated that 16L:8D lighting during the whole incubation period or even only the last third of the incubation period resulted in a diurnal rhythm of plasma melatonin in broiler chicks at hatching day, although the daily overall mean of plasma melatonin did not differ between incubation groups (Özkan et al., 2012) . In that study, we observed that photoperiodic lighting during incubation affected embryonic circadian physiological functions in the perinatal period through entrainment of the embryo and may improve bird adaptation to the PH environment, as suggested by similar corticosterone (CORT) levels in chicks from lighted incubation at hatching but lower levels at PH 8 h compared with the dark incubation group. To our knowledge, however, PH physiology in broiler chicks from lighted incubation has not been investigated in detail, especially regarding adaptation of chicks to the PH environment together with the circadian rhythms of some physiological functions of young chicks and the PH lighting program.
In this study, we hypothesized that photoperiodic lighting during incubation would improve bird adaptation to the PH environment and thus performance, and that incubation lighting may also interact with PH lighting. Traditionally, broilers have been subjected to continuous or near continuous light to maximize growth and feed intake; however, shorter day lengths are being considered due to welfare concern and continuous lighting has been banned with the Council Directive 2007/43/EC in European Union (EC, 2007) . Therefore, the study aim was to investigate the effect of a 16L:8D lighting program during both the incubation and PH periods on physiology and growth performance of broilers. For this purpose, we conducted (1) 2 replicated trials to investigate the effect of incubation lighting on early PH growth and organ development, in particular the physiological traits of light:dark melatonin and CORT rhythms, the developmental stability of some morphological traits, oxidative stress as measured by malondialdehyde (MDA) levels of brain tissue, and heterophil-to-lymphocyte ratio (H:L); and (2) 1 broiler trial to investigate the effect of incubation lighting on overall performance characteristics in broilers under either a photoperiodic or continuous lighting (CL) program that does not give a proper cue to synchronize of daily rhythms (e.g., melatonin production), at PH.
MATERIALS AND METHODS
The animal care practices used in the experiments were in accordance with the principles of the Ege University Animal Research Ethics Committee and national law (no. 5199). Ross 308 broiler breeder eggs were incubated at 16L:8D for either the whole incubation period (Inc 0-21d ) or the last week of incubation (Inc 14-21d ), and the dark incubation condition (Inc Dark ) served as control. The study was conducted in 3 incubation trials (batches), and details of the incubation treatments are given in Özkan et al. (2012) . The organ development and different physiological traits in embryos at the pre-and perinatal stages and hatching performance are presented in the first paper of this series (Özkan et al., 2012) .
Early PH Growth and Physiology
Birds and Brooding Conditions. At 504 h of incubation, 56 chicks (28 males and 28 females, feather sexed) for each incubation group/batch (of a total of 168 from 3 incubation groups) were removed from incubators and weighed and wing-banded. Fourteen chicks from each incubation group with an equal number of sexes were gathered into 4 groups (42 of each) and reared in 4 brooding cages each with a floor area of 70 × 200 cm for 6 d under 1 of the 2 PH lighting programs (2 cages for each PH lighting program). A 16L:8D lighting schedule and a CL of 24 h of light, which contains no environmental cue for circadian rhythms, were used at PH. Chicks were housed in 2 separate blocks of cages in the same room. However, during the 8-h dark period of the 16L:8D treatment, blocks of cages were completely isolated from each other using light-tight black curtains. An average of 20 lx light intensity was applied at bird level (inside cages) using cool daylight (6,200 K and color rendering index of 64) fluorescent tubes (Philips Electronics, İstanbul, Turkey). A brooding temperature of 30 to 32°C and humidity of 50 to 55% were used during the 6 d. The onset of dark and light periods in the 16L:8D group followed the same pattern used in the lighted incubator. Therefore, the 8 h of dark was in between 0200 and 1000 h in the first batch and 2400 and 0800 h in the subsequent batch. Food and water were provided ad libitum. The chicks were fed with a commercial starter diet meeting or exceeding minimum standards for all ingredients (NRC, 1994) and containing 23.0% protein and 3,000 kcal/kg of ME for the first batch, and 23.0% protein and 3,100 kcal/kg of ME for the second batch. The procedure was repeated with chicks from a subsequent batch of eggs.
Organ and Blood Sampling, HL Ratio, and Relative Asymmetry Measurement. On d 6, blood sam-ples of 14 chicks (7 males and 7 females) from each of the incubation PH lighting subgroups were collected at the middle of the light and dark periods by neck cut after BW was recorded. During the dark sampling time, 16L:8D PH chicks were caught from cages in darkness and transferred to a dim-lighted adjacent room within a light tight box. They were immediately weighed and decapitated. Blood samples were collected into tubes on ice containing heparin as anticoagulant and were centrifuged at 4°C for 15 min at 4,500 × g to obtain plasma. Plasma samples were stored at −20°C for subsequent analyses of melatonin and CORT. The brain was removed from the embryos immediately and kept at −70°C for MDA analyses. Blood smears were prepared using a drop of blood and stained using MayGrünwald and Giemsa stains after methyl alcohol fixation. One hundred leukocyte cells were counted per sample of smear, and H:L ratios were calculated (Gross and Siegel, 1983) . Heart, liver, and breast muscle were dissected for measuring organ and muscle growth and weighed to the nearest 0.001 g. Left and right metatarsi, middle toes, and face lengths were measured twice by the same person using a digital caliper (±0.1 mm), and relative asymmetry (RA) values were calculated. The RA was defined as the ratio of the absolute value of left minus right divided by the value for the trait size, which is the mean of the left and right side values (Yalçın et al., 2005) . Mean RA (composite asymmetry) was calculated by determining the average of the 3 RA values in the experiment.
Hormones and MDA Analyses
Plasma CORT concentrations were measured using a commercial kit (EIA, Corticosterone Enzyme Immunoassay, Assay Designs Inc., Ann Arbor, MI). Plasma melatonin concentrations were determined by RIA using a commercial kit (Melatonin direct RIA, RE29301, IBL-Hamburg, Germany). According to the manufacturer directions, a dilution rate of 1/5 was used in the analyses of dark period samples after serial dilutions were made in preliminary analyses (Özkan et al., 2012) .
The MDA level in brain tissue was estimated using HPLC as described in Surai et al. (1996) and Özkan et al. (2012) .
Broiler Performance: Birds, Housing, and Measurements A total of 324 broiler chicks from 3 incubation groups of the third batch were weighed individually and randomly distributed to the 18 floor pens (1.15 m × 1.45 m) with a group size of 18 chicks/pen (12 birds/m 2 ) in 2 identical experimental rooms (9 pens each) varying by lighting program. Thus, each of the incubation × PH lighting subgroups consisted of 3 replicate pens. Pens were bedded with wood shavings and contained 1 feeder and 1 bell drinker. Two PH lighting programs, a lighting schedule of 16L:8D and a CL, were used in the study. Lighting was 24 h in a day in the CL group during the first 6 d; thereafter, a 23L:1D schedule was used. The lights were turned off between 2400 and 0800 h in the 16L:8D and between 2400 h and 0100 h in the CL group PH. Fluorescent lamps were used in the experiment, and average light intensity was 20 lx among pens at the bird level.
Experimental rooms were equipped with ventilation and heating systems and controlled by the same computer using similar set values. Temperature and humidity was also checked for 24 h by using data loggers in each one of the rooms to make sure that there was not any failure in computerized system. Standard brooding temperatures were applied to birds by reducing temperature, gradually, from 32 to 22°C at the end of 4 wk of age and kept at 22°C thereafter. The humidity ranged from 50 to 60% during the overall growth period.
The birds were fed a standard commercial starter diet in crumble form and a grower diet in pellet form between 0 and 10 d, and 11 and 35 d, respectively. These diets were formulated to meet or exceed minimum standards for all ingredients (NRC, 1994) . The starter diet contained 23.0% protein and 3,100 kcal/kg of ME from 0 to 10 d, and the grower diet contained 21.0% protein and 3,250 kcal/kg of ME from 11 to 35 d.
Broilers were weighed at hatching day and at 7, 21, and 35 d. Sex was determined at 35 d during the weighing. Mortality was recorded daily. Feed consumption was measured on a pen basis, and feed conversion ratio (FCR) was calculated after adjusted for mortality as kilograms feed per kilograms BW gain.
Statistical Analysis
All data from the experiment were subjected to ANOVA with the GLM procedure of the JMP statistics package (SAS Institute Inc., 2002) . Body weight, organ development, and mean RA data from 6 d PH were analyzed with a statistical model including batches, incubation group, PH lighting group, and sex effects, and batch × PH lighting and incubation × PH lighting interactions. Sex effect was tested for all possible interactions in preliminary analyses; however, sex did not interact with any of the main effects. Therefore, interactions with sex were not included in the model. A preliminary statistical model for 6 d PH melatonin data included as 4 main effects batch, incubation, PH lighting, and sampling time, and all possible interactions. However, batch did not have any significant interaction with any of the main effects, and interactions with batch were dropped from the model. The statistical model for 6-d PH CORT, H:L ratio, and MDA data included incubation, PH lighting, and sampling time as main effects and 2-and 3-way interactions.
For BW analyses, again preliminary analyses showed that sex did not interact with any of the other effects. Therefore, the model included incubation, PH lighting, and sex main effects and incubation × PH lighting interaction only. The feed intake, FCR, and mortality data were evaluated per pen (mixed sex); thus, these traits were evaluated with a model including incubation group, PH lighting group, and 2-way interaction effects. Least squares means were compared using Tukey's test. In all cases, differences were considered significant at P < 0.05 unless otherwise stated.
RESULTS

Early PH Growth and Physiology
None of the variables affected hatching BW of chicks reared for 6 d. Overall means (±SEM) for hatching weight ranged from 45.6 to 46.6 ± 0.5 g among the incubation groups (data not presented). However, BW gain between 0 and 6 d and relative breast muscle weight of chicks at 6 d significantly differed between the incubation groups (P ≤ 0.05). Significantly higher gain and breast muscle percentage were observed in broiler chicks from both of the lighted incubation groups compared with the Inc Dark (Table 1) . Batch and PH lighting also affected BW and breast muscle percentage, and the batch × PH lighting interaction was significant for these traits. In general, a PH 16L:8D photoperiodic lighting schedule significantly reduced BW of broiler chicks on d 6 compared with 24-h CL lighting in both of the 2 batches. However, the level of reduction in BW gain in the 16L:8D PH lighting group was more pronounced in the first batch at 66 g and 90 ± 2 g and 85 and 96 ± 2 g in the second batch for 16L:8D and CL PH lighting programs, respectively (means not presented in tables). The batch × PH lighting interaction for breast muscle weight resulted from lower relative breast weights in the 16L:8D PH lighting group (6.2 ± 0.1%) compared with the CL lighting (7.8 ± 0.1%) that was observed only in the first batch. Breast muscle percentages of the 16L:8D (7.4 ± 0.1%) and CL lighting groups (7.8 ± 0.1%) were similar for the second batch. Relative liver and heart weights differed between batches, and higher weights were observed in the first batch. A sex effect was significant only for relative liver weights, which were higher in females than males. None of the effects was significant for mean RA values of broiler chicks at d 6, and there was no significant interaction effect for these traits. Table 2 presents least squares means for blood melatonin and CORT, H:L ratio, and MDA level in brain tissue of chicks at d 6. Incubation lighting significantly affected blood melatonin and CORT responses of chicks to the PH lighting environment as indicated by a significant interaction between incubation and PH lighting (P < 0.05) for these traits (Table 2 ). Blood melatonin levels of 6-d-old broiler chicks reared under the PH 16L:8D lighting program did not differ between incubation groups and were significantly higher than those reared under CL lighting (Figure 1 ). However, incubation groups significantly differed in melatonin levels under CL at PH, and Inc 0-21d broilers had 2-fold higher melatonin levels compared with Inc Dark (30.04 pg/mL). The PH lighting × sampling time interaction was also significant for blood melatonin levels of broiler chicks on d 6 (P < 0.05). There was no difference in blood melatonin levels between the dark and light period samples under PH CL. However, PH 16L:8D lighting resulted in significantly higher melatonin levels in the dark period compared with the light period ( Figure  2 ). The CORT levels of broiler chicks from both lighted incubation groups did not differ between PH lighting treatments. However, a significant incubation × PH lighting interaction (P < 0.05) resulted in significantly higher CORT levels in Inc Dark broilers with the 16L:8D PH lighting program compared with their counterparts reared with CL ( Figure 3 ). Sampling time affected CORT levels of 6-d-old broiler chicks (P < 0.05), and light period samples had significantly higher CORT levels than dark period samples (Table 2) , with no significant interaction with sampling time. However, CORT levels in the lighted incubation groups (2.83 and 2.73 ± 0.44 pg/mL for Inc 0-21d and Inc 14-21d , respectively) were higher in the light period than in the dark period (0.97 and 0.80 ± 0.43 pg/mL for Inc 0-21d and Inc 14-21d , Table 2 . Least squares means 1 for plasma melatonin (pg/mL) and corticosterone (CORT, ng/mL) hormones, malondialdehyde (MDA) level in brain tissue (μg/g), and heterophil-to-lymphocyte ratio (H:L) of chicks at 6 d of age varied by batch, incubation group, posthatching lighting program, and sex respectively). The Inc Dark had similar CORT levels at both the dark and light periods (2.37 and 2.19 ± 0.43 pg/mL, respectively; data not presented in tables).
The PH lighting program and sampling time affected blood H:L ratio. The H:L ratio of chicks was higher in CL than in the 16L:8D lighting program, and samples from the dark period of the day had higher H:L ratios than light period samples (P < 0.05). A significant interaction between PH lighting by sampling time was attributable to the fact that there was no difference in H:L ratio between dark (0.40 ± 0.01) and light (0.39 ± 0.01) sampling times under CL; however, the H:L ratio of chicks significantly decreased during the light period (0.25 ± 0.01) under 16L:8D compared with the dark period (0.40 ± 0.01; data not presented in the table).
All the main effects influenced MDA levels in brain samples (P < 0.05), as shown in Table 2 . The lowest MDA level was observed in Inc 0-21d , whereas Inc Dark had the highest level. The PH 16L:8D lighting significantly increased brain MDA levels at d 6 (P < 0.05), and brain MDA levels were reduced in dark period samples (P < 0.05). None of the interaction effects was significant for brain MDA at d 6. Blood H:L ratio was affected by PH lighting, sampling time, and PH lighting × sampling time interaction (P < 0.05). Continuous lighting and a dark sampling time resulted in an increased H:L ratio. The interaction was the result of a significant difference between light (0.25 ± 0.01) and dark (0.40 ± 0.01) periods in birds reared under 16L:8D, but values were similar in birds reared under CL.
Broiler Performance
Hatching BW of chicks reared for 35 d did not differ with incubation groups and were 45.2, 45.9, and 45.7 g for Inc 0-21d , Inc 14-21d , and Inc Dark , respectively. Incubation treatment did not affect BW of broiler chicks measured at any age (Table 3 ). The PH lighting program affected BW only at 7 d, and the 16L:8D program significantly reduced BW of chicks compared with the CL regimen (P < 0.05). There was a significant effect of incubation × PH lighting on the 35-d BW of broilers (P < 0.05). Although the similar trends for BW were also observed at d 7, the interaction effect did not reach significance (P = 0.059). Broilers from lighted incubation (Inc 0-21d and Inc 14-21d ) had significantly higher weights on d 35 than the Inc Dark group under the 16L:8D PH lighting conditions (Figure 4 ; P < 0.05). However, all 3 incubation groups had similar BW under the conventional CL program (23L:1D) with a significant interaction effect. Cumulative feed intake was significantly lowered by a PH 16L:8D lighting compared with CL (P < 0.05), but incubation regimen did not affect feed intake or FCR, and no interaction effect was observed.
There was no significant effect on mortality (Table  3) . One bird from Inc 0-21d in the 16L:8D PH lighting group and 2 birds in the 23L:1D PH lighting group died during the rearing period (1 from Inc Dark and 1 from Inc 14-21d ).
DISCUSSION
The objective of the current study was to investigate the effect of a 16L:8D photoperiodic lighting program during the incubation and PH rearing periods on the physiology and growth performance of broilers. Blood melatonin, CORT, and MDA level in brain tissue of broiler chicks were measured on d 6 in the experiment. First, our results clearly indicate that these traits have a circadian rhythm (dark:light) as evidenced by a significant effect of sampling time on both blood melatonin and CORT levels and brain MDA levels at 6 d PH. Our findings for 6-d PH melatonin and CORT showed circadian rhythms in which melatonin was increased and CORT was decreased in the dark. The rhythm of MDA in brain tissue was in accordance with the rhythm of CORT (i.e., higher at the light period of the day when melatonin was low). These findings are in agreement with previous findings at hatching of a dark:light rhythm of melatonin (Zeman et al., 1999 (Zeman et al., , 2004 Özkan et al., 2012) and CORT (Beuving and Vonder, 1977; de Jong et al., 2001; Özkan et al., 2012) . The MDA also varied with the PH lighting with higher values at 16L:8D compared with CL. A lower MDA might have been expected because Guo et al. (2010) reported that 12-h and 16-h intermittent lighting schedules decreased serum MDA in 42-d-old broilers compared with 23L:1D and 20L:4D regimens. The discrepancy in the results may be related to the lighting program they used, which was an intermittent schedule, whereas our program had 8 h of complete darkness. It is not certain that high MDA in the brain tissue of broiler chicks at 16L:8D depended on the lighting program only; mean RA values and H:L ratios did not indicate any physiological stress effect in the 16L:8D chicks. In addition, (Özkan et al., 2012) . Therefore, we may conclude that a lower MDA level in Inc 0-21d compared with the Inc Dark group might be accounted for by lighted incubation (Inc 0-21d ) without additional oxidative stress in the embryo stage and at hatching (Özkan et al., 2012) ; furthermore, there was reduced oxidative stress at 6 d PH. Early establishment of melatonin rhythms may have affected on oxidative stress in the brain. We also observed lower MDA in dark period samples in which plasma melatonin was higher. Positive effects of melatonin on the antioxidant system have been reported by Hardeland (2005) . Terrón et al. (2005) also reported that in vitro incubation with melatonin reduced MDA levels in heterophils of ring dove even at physiological levels. The higher H:L ratios in 6-d-old broiler chicks at the dark period of the day, especially for the 16L:8D PH lighting group, was contrary to the previous report of Brennan et al. (2002) . They found that melatonin injection during dark period of the day reduced H:L ratio in male Leghorn chicks. However, 16L:8D PH lighting resulted with an overall reduction in H:L ratio compared with CL, which agrees with Moore and Siopes (2000) . They reported decreased H:L due to reduced photoperiod compared with the longer or continuous photoperiod or adding melatonin to the drinking water. Mean RA values at d 6 did not differ with the treatments in this study, in accordance with our other observations in embryos (Özkan et al., 2009, 2012) . However, Archer et al. (2009) reported that broilers from lighted incubation had significantly lower mean RA compared with a dark incubation group at 42 d.
Our results for melatonin agree with those of previous studies that reported a photoperiod-dependent mechanism for melatonin synthesis in chickens (Herichová et al., 2001; Özkan et al., 2006) and in turkeys (Zawilska et al., 2007 ). An interesting finding from this study was that lighted incubation resulted in higher melatonin levels in the blood of 6-d-old broiler chicks than in Inc Dark chicks under CL. The difference with Inc Dark was significant for Inc 0-21d broilers, suggesting that prenatal light entrainment resulted in an increased melatonin concentration in this group even under CL. However, chicks from Inc 14-21d ( Figure 1 ) had a mel- atonin level similar to both the Inc Dark and Inc 0-21d groups. Together with the significant PH lighting × sampling time interaction for blood melatonin levels of 6-d-old broiler chicks (Figure 2 ), our findings clearly indicate that a photoperiodic light entrainment during incubation affects the development of diurnal rhythms of melatonin in broiler chickens, in accordance with previous reports (Zeman et al., 1992 (Zeman et al., , 2004 Herichová et al., 2001 ). The effect was more profound for the Inc 0-21d than Inc 14-21d animals.
Blood CORT levels of chicks on d 6 were also affected by the incubation × PH lighting interaction ( Figure  3) . We observed lower blood CORT levels in Inc 0-21d chicks reared under the 16L:8D PH lighting program, which may support our hypothesis that the stress response to the hatching environment could be modified by incubation lighting (Özkan et al., 2012) , probably affecting the hypothalamus-pituitary-adrenal axis during ontogeny, and may improve bird adaptation to a similar lighting environment during the early period after hatching.
Lighted incubation significantly affected BW gain and relative breast muscle weight of broiler chicks on d 6, and lighted incubation groups had higher values compared with the Inc Dark . A positive effect of lighted incubation on 0-to 6-d BW gain and breast weight is in accordance with previous reports (Rozenboim et al., 2004; Halevy et al., 2006; Kozanoğlu, 2010; Zhang et al., 2012) , as is our finding that the PH 16L:8D photoperiodic lighting program reduced BW of broiler chicks on d 6 compared with 24-h CL lighting (Bayram and Özkan, 2010) . Reduction in BW of the 16L:8D PH lighting group was more pronounced in the first batch, which might be related to differences in the environment such as feed or breeder stock. However, PH lighting groups had almost the same BW at 35 d.
Incubation groups had similar BW at 35 d under conventional CL (23L:1D). However, broilers from lighted incubation (Inc 0-21d and Inc 14-21d ) had significantly higher weights on d 35 than the Inc Dark group under the 16L:8D PH lighting conditions (Figures 4). This finding supports our hypothesis that prenatal entrainment of embryos to a photoperiodic lighting program may improve adaptation to a similar type of photoperiodic lighting environment. The lower CORT levels of Inc 0-21d chicks on d 6 matched the better growth in this group either on d 7 or on d 35. Cumulative feed intake was significantly lowered by PH lighting of 16L:8D compared with CL in this study, in contrast to the findings of , who reported that photoperiods longer than 12 h/d had no effect on feed intake of 35-d-old broilers. However, the current result is in agreement with Lien et al. (2007) , who observed reduced feed intake in broilers at younger ages (through 29 d) under an 18-h photoperiod compared with 23 h. The BW of broilers at 35 d in this study was comparable to the reports of for >12-h photoperiods and indicated no significant effect of photoperiod on BW. However, incubation treatment did not affect feed intake or FCR.
The results together suggest that the physiological responses of melatonin, CORT, and brain MDA, measured at 6 d PH, might be regarded as further evidence supporting that photoperiodic lighting (16L:8D) during incubation (Inc 0-21d ) may improve bird adaptation to a 16L:8D program at the early stage of PH growth. Thus, prenatal entrainment of embryos to a photoperiodic lighting program may improve adaptation to a similar type of photoperiodic environment and result in better growth at d 35.
